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Dynamics  of  quantum  matter  with  long-range  entanglement. 

P.I.  Subir  Sachdev,  Harvard  University 

Final  Report 

This  STIR  project  had  a  specific  goal  which  lays  the  foundation  of  the  long  term  project. 
The  P.I.  and  collaborators  have  proposed  [1]  a  “holographic”  theory  in  the  gravitational 
framework  which  can  capture  the  finite  temperature  dynamics  of  a  large  class  of  quantum 
critical  points.  The  theory  is  based  upon  a  gradient  expansion  of  an  effective  field  theory, 
and  the  expansion  has  been  carried  out  to  fourth  order.  Each  order  in  the  expansion  brings 
in  a  new  free  parameter.  The  present  theory  has  2  parameters,  the  gauge  coupling  e,  and  a 
leading  non-linearity,  which  was  called  [1]  7.  We  argued  that  e  could  be  fixed  by  the  value 
of  the  high  frequency  conductivity,  and  the  latter  can  be  computed  by  the  field-theoretical 
methods  described  above  [2],  However,  7  remains  to  be  determined.  The  goal  of  the  STIR 
was  to  compute  the  value  of  7  for  the  held  theory  appropriate  to  the  quantum-critical  point 
of  the  superfluid-insulator  transition. 

The  computation  of  7  requires  two  separate  analyses,  which  have  since  been  published  in 
Ref.  [3].  First,  in  the  holographic  theory,  we  related  7  to  certain  operator  product  expansion 
coefficients  between  the  stress-energy  tensor  and  two  factors  of  the  electrical  current.  This 
involved  applying  the  prescriptions  of  gauge-gravity  duality  relating  bulk  correlations  to 
correlators  of  fields  on  the  boundary.  Second,  we  computed  this  operator  product  expansion 
using  the  field-theoretic  methods  described  in  Refs.  [2,  4],  This  involved  application  of  the 
1/N  expansion  to  the  conformal  held  theory  described  by  the  Wilson-Fisher  fixed  point. 

Our  determination  of  7  opens  the  route  to  a  parameter-free  computation  of  various  ex¬ 
perimentally  observable  properties:  frequency  dependent  conductivity,  diffusion  of  tagged 
particles,  non-linear  transport,  all  of  which  can  be  measured  in  the  ultracold  atom  experi¬ 
ments. 
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